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1 Introduction
At RAN#69, a new WI NB-IOT [1] was approved. The NB-IOT L2 and L3 are largely derived from E-UTRAN, with simplifications due to support of a limited set of functionalities and necessary adaptations to the new physical layer design.

This document discusses DRX in RRC_CONNECT procedures and configuration in NB-IOT, using the discussed configurations from TR45.820[2] as a basis.
2 Discussion
When in RRC_CONNECTED, if DRX is configured, the MAC entity is allowed to monitor the PDCCH discontinuously; otherwise the MAC entity monitors the PDCCH continuously.

In E-UTRAN DRX operation is controlled by the onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer, the longDRX-Cycle, drxStartOffset, and optionally drxShortCycleTimer and shortDRX-Cycle.

To enable battery savings in NB-IOT a simplified DRX in RRC_CONNECTED is considered. The use of timers to control the DRX cycle and operation is maintained, but the number of timers and how they are configured is simplified.
Proposal 1: The timers to control DRX in RRC_CONNECTED are reused where appropriate, and the number of timers and how they are configured is simplified.
The DL latency requirements for NB-IOT is different to the existing systems, therefore for simplification of the NB-IOT system a single DRX cycle in RRC_CONNECTED is used, removing the differentiation between longDRX-Cycle and shortDRX-Cycle timers, and the timer drxShortCyleTimer is not required.  This also reduces the signaling for providing the timer values to the UE.

Proposal 2: A single DRX cycle is used for RRC_CONNECTED mode.
All UEs within a cell are expected to use the same DRX cycle in RRC_CONNECTED.  This cycle can be configured through system information.  The value of the DRX cycle can typically be 5.12 seconds (e.g. four 1.28 second frames).  Depending upon the PDCCH configuration and coverage class, a frame may not have very many PDCCHs, for example NB-CIoT can have between 1 and 4 PDCCHs per 1.28s frame.  In this example the UE would not receive 3 of the 4 PDCCHs in the worst coverage class and 15 of the 16 PDCCHs in the best coverage class.
Proposal 3: The DRX cycle can be configured in system information. 
The onDurationTimer in DRX in RRC_CONNECTED is used to control the PDCCH monitoring while the UE is active. As shown above, with a DRX cycle of 5.12 seconds, there are not very many PDCCHs the UE does not receive; therefore the onDuration should be fixed to 1. If PDCCH is not received correctly then UE should continue with DRX (it should not exit DRX).
Proposal 4: The onDurationTimer timer should be fixed to 1 PDCCH.
To enable power saving as soon as possible the UE should enter DRX in RRC_CONNECTED when all UL and DL UL traffic has been transferred and acknowledged; therefore the drxStartOffset is not required to define the start of the cycle, drx-InactiviyTimer is not required to control entry to DRX as it is automatic and drx-RetransmissionTimer is not required as DRX is only entered when the data has been acknowledged, so there will not be retransmissions.
By using DRX immediately after the last traffic has been acknowledged the UE does not need to receive additional PDCCHs while waiting for retransmissions or in case the BS schedules further traffic.  This will save power on the UE as can reduce the number of PDCCHs the UE monitors.  If further traffic is to be transferred the BS waits until a PDCCH the UE will receive to schedule it and the UE will use continuous PDDCH monitoring.
Proposal 5: The drxStartOffset, drx-InactiviyTimer and drx-RetransmissionTimer are not supported in NB-IOT.
If the UE is addressed by its C-RNTI in a PDCCH and provided with an uplink or downlink allocation the UE should exit DRX, complete the data transfer and reenter DRX in RRC_CONNECTED when the data transfer is complete.

The UE does not use DRX in RRC_CONNECTED when it first enters RRC_CONNECTED, it continuously monitors PDCCH. If there are no allocations required, then the UE can be instructed to use DRX. 

Normal RRC_CONNECTED mode procedures can be performed (e.g. requesting resource from the eNB using RACH[3], or other procedures), when DRX in RRC_CONNECTED is used.
Proposal 6: DRX in RRC_CONNECTED is only used when uplink and downlink data transfer is complete.

3 Summary

In order to enable battery savings in NB-IOT a connected mode DRX in RRC_CONNECTED is used.  It can be characterized by the following common aspects between E-UTRAN and NB-IOT:

· No RRC or MAC substate to distinguish between different levels of DRX;
· Available DRX values are controlled by the network;
· There is only one DRX configuration applied in the UE at any time;
· If PDCCH has not been successfully decoded during the on-duration, the UE shall follow the DRX configuration (i.e. the UE can enter DRX sleep if allowed by the DRX configuration);
The following aspects apply to NB-IOT:

· Per cell mechanism. All UEs in a cell share the same connected DRX cycle.
· Connected DRX in RRC_CONNECTED is only used after all uplink and downlink data transfer has completed and has been acknowledged;
· The on-duration in downlink that the UE waits for, after waking up from DRX, to receive PDCCHs is fixed to 1 PDCCH. RACH can be used by the UE to request resource regardless of whether DRX in RRC_CONNECTED is used or not.

· If the UE is addressed by PDCCHit exits DRX, continuously monitors PDCCH until PDCCH can be discontinuously monitored again.
4 Conclusion

This paper introduces the DRX in RRC_CONNECTED, and proposes the following are used for NB-IOT:
Proposal 1: The timers to control DRX in RRC_CONNECTED are reused where appropriate, and the number of timers and how they are configured is simplified.

Proposal 2: A single DRX cycle is used for RRC_CONNECTED mode.
Proposal 3: The DRX cycle can be configured in system information. 
Proposal 4: The onDurationTimer timer should be fixed to 1 PDCCH.
Proposal 5: The drxStartOffset, drx-InactiviyTimer and drx-RetransmissionTimer are not supported in NB-IOT.
Proposal 6: DRX in RRC_CONNECTED is only used when uplink and downlink data transfer is complete.
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